On the basis of literature values of various spectroscopic quantities, the "experimental" five derivatives (1st to 5th) of the repulsive functions at the equilibrium distance were evaluated for the 20 alkali halide molecules, retaining the truncated Rittner model for the attractive forces. A self-consistency test showed that the used experimental values are reliable.
Introduction
None of the proposed potentials for the two body interactions within biatomic molecules seems to satisfy a full range of applicability. For this reason the problem was re-examined, taking as a first example the alkali halide molecules. For these compounds, in the gas phase, a large amount of spectroscopic data is available in literature.
The potential energy function <P(r) is usually expressed as the sum of an attractive term A(r) formed by a long range coulombic term and two short range terms connected to the dipolar interaction and to the van der Waals (vdW) forces, respectively, and a repulsive short range term B(r):
0(r) = A(r) + B(r)
(1)
The model normally used is the one originally proposed by Rittner [1] and subsequently reviewed by Brumer and Karplus (BK) [2] as "truncated" Rittner (T-Rittner) model:
The spectrum of the analytical forms proposed for the repulsive term is particularly wide [3, 4] and in-, volves expressions with two or more parameters. The favorite function appears to be the exponential one, used by Rittner himself:
although more elaborated functions have been proposed, e.g. the one recently given by Ali and Hasan [5] :
B(r) = a r~2 cxp(b r 15 ).
In order to obtain explicit values for the two parameters a and b, the normal procedure has been to fit the first and second derivatives of (1) at the equilibrium distance r e (tf>" is the n-th derivative): = 0, * 2 (r e ) = k e , (5) where k e is the force constant that can be calculated from the experimental vibrational frequency co e and the reduced mass p of the molecule. Values for the higher derivatives of <P(r) at the equilibrium distance can be derived from other spectroscopic quantities (SQ). The required spectroscopic data and the various repulsive functions to which they are connected are summarized in Table 1 .
In order to obtain the values of the repulsive functions, one must also evaluate (see (2) ) the A(r) term and its derivatives. Thus, apart from the r e values which are known with high precision [6] , figures for the ionic polarizabilities and the van der Waals coefficients are also necessary. Classical values for these quantities are those by Pauling reported in Table III 0932-0784 / 93 / 987-1000 $ 01.30/0. -Please order a reprint rather than making your own copy. of [2] . More accurate values were reported later [7, 8] .
Repulsive
The present calculations are based on this latter set *, but it should be noted that the classical Pauling values yield differences that do not appear substantial. In addition to (5) , the relations between the functions <P" at r = r e and the SQ are [3, 10] : 
where c is the velocity of light and h Planck's constant. These equations have been used, as shown later, to obtain the experimental values of the derivatives B l + B 5 . In particular, the data collected by BK [2] , supported by [6] , were used for the following SQ: co e (to obtain B 2 with (5)), a e and B e (to obtain B 3 with (7)), a> e x e (to obtain ß 4 with (8)) and y e (to obtain B 5 with (10)). On the other hand, these equations can obviously be used also to evaluate the SQ once the analytical expression for B(r) is known. In this way, BK [2] used the exponential function (3), obtained with (5) almost within the limits of experimental accuracy". They concluded that "... the T-Rittner model, like the Rittner model, gives reasonable results for some spectroscopic properties but is quite poor for others. The origin of these discrepancies is not clear, although they must arise from the failure of one or more of the assumptions ...". Similar conclusions were normally reached in other papers along with doubts on the accuracy of the literature values, so that recently the quantities ß e and y e were no longer recalculated.
In this paper the problem to obtain reliable repulsive potentials starting from SQ data was faced focusing on the prevision of the derivatives of the repulsive functions and on the significance of the spectroscopic properties that can be obtained. Equations (5) (10) with (1) show that, on the basis of the SQ, immediate figures should be available for B and B 1 +B 5 at the equilibrium distance r e . This is normally so for the derivatives B 1 +B 5 , while difficulties arise in the evaluation of the B(r e ) which is connected to the experimental value D; (see (6) ). Experimental D; values for the alkali halides were reported in [3 c] and [2] (see Table 2 columns 2 and 3, respectively), the latter data being constantly larger by about 3.6%. According to Gaydon [11] the experimental error of these quantities is of about 2.5 kcal/ mole or higher for the fluorides. Moreover, we found that the A(r e ) and B(r e ) terms represent, on the average, 85% and 15%, respectively, of the absolute value of 4>(r e ). Thus, with a fixed value for A(r e ), an experimental uncertainty of 4% in D { , becomes an uncertainty of 18-19% in B(r e ). As a final result, the step D; -* B is accompanied by a factor of about 5 in the percentage error.
Since a direct, precise evaluation of B(r e ) could not be performed, an indirect way was attempted: the experimental values of B x (r e ) + B s (r e ) were estimated through (5), (7), (8), (10) and used to obtain the function B(r). The quantities (from (6)) and ß e (from (9)) could then be used to test the fitted model.
As regards the quantity ß e , which ranges from fairly high absolute values to almost zero (see Table 2 ), it should be underlined that its weight in the B 4 (r e ) term (see (9)), averaged on the 20 alkali halides, is 2.7%, ranging from 0.1% (KBr, RbBr, CsBr) to 8.1% (LiF) (see Table 3 ). Thus in the step ß 4 (r e ) ß e there is an 3 . In order to verify the self-consistency of the SQ a repulsive function with 5 parameters has been assumed:
exp (e r 4 ), (13) i.e. ln(B(r)/a) = br + cr 2 -(-dr 3 + er 4 .
The five experimental values B 1 (r e )-^-B 5 (r e ) can then be used to yield the five constants a + e and thus the function B(r). Table 4 shows the fitted a -=-e coefficients while Table 2 reports the D { and ß e values calculated with (6), (9) . The D { error is taken as zero (dash) when the calculated value is in between the two literature figures: 6 salts fall outside these limits with the largest errors being those of Lil and CsF. The average absolute error is 0.5%. The comparison of the ß e ,cai data with the literature ones [2, 6] is quite significant: except for CsCl, where the calculated value (0.42) is very close to the lowest experimental limit (0.433), in all other cases the calculated figures are within the experimental errors. This can be interpreted as evidence of the reliability of the experimental data and of self-consistency of the SQ.
Along with (14), the following function was also studied:
This potential gives the same ß e values of Table 2 and slightly different D { ones which anyhow show the same error (0.5%).
In this context, a final remark should be made on the y e quantity, which has been so largely discussed in literature. A detailed analysis of this term shows that its weight in B 5 (r e ) is on the average 12.8% (with a minimum of 5.9% in the case of CsF and a maximum of 22.8% for Lil). Thus, on going from y e to B s (r e ) there is a reduction of the percentage error of about 1/7 and the figures evaluated for B s (r e ) should be reliable.
The percentage weights of the terms containing ß e and y e in the experimental ß 4 and B 5 , respectively, for the 20 alkali halides are reported in Table 3 .
The Repulsive Potentials
The experimental values B 1^-B 5 , can now be used to test the precision of different analytical forms for the repulsive function B(r) with an increasing number of parameters.
Fitting Procedure
If one defines Q = BJB, the following relations are immediately obtained: where Q" is the n-th derivative of Q. It should be observed that the number of Eq. (16) required is obviously equal to the number of parameters in the function B(r) to be fitted and that, once the analytical form of B(r) is assumed, the ^(parameters) are immediately available. For example, in the case of the simple function (3), only the first two equations (16) are required and Q = b; Q 1 = 0. Moreover on the right-hand side of these equations, the first term is always the most important one, the other ones being successively smaller and normally of only a few percent.
The iterative procedure used in the calculations was the following. An initial set of Q N was estimated, e.g. starting from (16-2) with Qx = 0, from (16-3) with q 2 = 0 and so on. This set was then cycled, taking into account the relations among the Q", until convergency was reached on the experimental values B n . The final set gave the explicit parameter values. This fitting procedure has been tested in many cases against the direct solutions which are, normally, hard to obtain.
The Precision
A reasonable range of the analytical forms of B(r) was analyzed by means of the following 10 types of functions: a) B(r) with 2 parameters (input: B 2 , output: B 3 , B 4 
, B 5 , B)
This is the easiest and handiest type of repulsive function and thus the most popular in literature. The examined functions are shown in Table 5 , i.e. the exponential one (model 1), the gaussian one (model 3), that with r 15 (model 5) and finally the function given by Ali and Hasan [5] (model 7). The same Table gives the % errors of the calculated B n , while Table 6 reports the parameters fitted for these functions. It can be observed that the best results are those given by functions 1 and 7. The comparison betweeen the absolute and relative errors shows that these models tend to underestimate the value of the repulsive derivatives. Moreover, the errors in the ß 4 Table 2 ) the error was taken as zero. dence, tested for each salt, prevents the evaluation of ß e and y e and thus discourages the use of these functions when precision is needed down to this level; in particular it was observed that ß e could not be calculated in 74 (and y e in 64) out of the 80 examined cases, while the few favorable ones were always connected with models 1 and 7. It can then be concluded that, in general, values for ß e and y e cannot be calculated since the two parameter repulsive potentials appear too crude for the evaluation of these quantities.
Finally, it should be observed that, owing to (16), for each molecule the parameters of Table 6 
Moreover, the following approximate relation can also be applied: 
was also taken into account. Tables 5 and 7 summarize the results. It can be observed that the best results are those given by models 4 and 6, where the pre-exponential term yields marked improvements. In this case ß e could not be calculated in 43 (and y e in 23) out of 80 cases. In considering these numbers one must refer to Table 3 which, for example, shows that nine molecules require a precision higher than 1.5% in B 4 calc in order to allow the evaluation ®f ße • Also in this case, the parameters reported in Table 7 are for each molecule interconnected. Useful approximate relations are: Two functions of this type were taken into account:
B(r) = a r m exp (b r").
The following results were obtained: B 5 (r e ) can be calculated with an absolute error of 3.9 and of 4.6 from (21), (22), respectively. The calculated B(r e ) shows an error of 3.4 and 3.1, respectively. As expected, the ß e values calculated by these functions are identical to those reported in Table 2 , which represent the figures consistent with the fitted experimental co e x e . The calculated y e show an error which is about 7 times that Of ^5,calc-
Conclusions
The data in Table 5 , along with those obtained with the 4-parameter functions, give a quantitative picture of how the precision of the B n calc increases with the number of fitted parameters in the assumed B(r) function, and also of how, given a repulsive function, the precision of its calculated derivatives decreases as the order of the derivation increases. A comparative analysis of the functions with 2 and 3 parameters is reported in Figs. 1 and 2 for the LiF molecule. As can be observed, the 2 parameter functions are rather scattered, while the 3-parameter ones are clustered. This is in agreement with the figures reported in Table 5 : the choice of a 2-parameter function is much more critical than that of a multiparameter one.
Moreover it should be observed that an estimate of the errors in the calculated SQ based on the errors in the B n calc is rather complicated: for example, when y e is calculated by means of a 2-parameter function, the final expression (see (10) ) includes the calculated ß 3 , ß 4 and B s , each being burdened with its own error. A direct relation is present only between the error of the first of the calculated derivatives and that of its connected SQ: e.g. for a e (from B 3 calc ) with a 2-parameter function there is a constant factor of 2.2, for a> e x e (from B 4 calc ) with a 3-parameter function a constant factor of 0.63. Table 8 summarizes the % absolute errors obtained in the SQ calculated by the models 1 and 7 for the 2-parameter and 4 and 6 for the 3-parameter functions (see Table 5 ) and (21), (22) in the case of the 4 parameters. The ß e values in the 2-parameter models are given as "non computable" (NC) since limited, for each equation, to only 3 cases out of 20 on the basis of the previously discussed criteria. In the 3-parameter models, for each equation, 10/20 cases could be taken into account: here a zero error was assumed when the ß e calc was within the experimental error of ße, exp • Finally, in the 4-parameter models, the ße calc values coincide with the experimental ones (see Table 2 ). The y e with a 2-parameter model could be obtained, for each equation, in 8/20 cases with an average error of 58.9%; in the 3-parameter model they could be calculated in 15/20 cases. It can thus be concluded that the analysis of different analytical expressions for the repulsive potential and mainly that of the significance and limits of the generated SQ has brought light into the problem of the prevision of the ß e and y e values. In order to be able to evaluate these quantities, one must deal with functions that are sufficiently precise and however compatible with the weight of the terms containing ß e and y e in the B 4 exp and B s exp of the chosen molecule (see Table 3 ). Thus, in the case of Na(F, I), K(F, CI, Br, I), Rb (CI, Br) and CsBr molecules, ß e can be properly calculated only by a 4-parameter function.
The choice of a proper analytical expression for the repulsive potential B(r) must accomodate the desired precision with the difficulties inherent to the use of a multiparameter function. *
